dispersion of the band. 1 In one-dimensional systems the physics is.
simplified considerably. The energy dispersion is given by
(1) E(k) = E 0 + 2Scoska, and the group velocity is (2) v (k) = [ . [2] [3] [4] [5] ynam cs · oo more nco erent or ran om in nature.. The extent to which the dynamics approach the 'timdom walk limit 'depends on a variety -2-of distinct problems. In order to understand the detailed nature of exciton migration in crystals, the different roles of phonon-exciton scattering, trapping, the mechanisms for detrapping or promotion of localized excitations to the delocalized states of the exciton band, and the triplet state radiative and non-radiative depopulating channels must be determined.
It is also important to examine the role temperature plays in determining the dynamics.
In the low temperature coherent limit the time between exciton-phonon scattering events is long enough so that the exciton propagation can be characterized by an average group velocity<~ >.
6 -9 This is a temperature dependent quantity since g it is a statistical average over the thermal population of the various k states. Naturally this is valid only for the case where thermal equilibrium is reached on a time scale short compared to the rate of trapping.
The values of <V > vary only weakly with temperature between 1° and 4°K g -1
when the exciton bandwidth is less than 5 em , whereas it may chang~ by -1 a factor of two in the same temperature range for a bandwidth of 25 em
In the coherent limit the rate at which mobile excitons are localized by a trap site (trapping rate constant) is given by the constant, probability is presumably related to the exact form of the linear combinadon of k states which makes up the exciton, the length of time the exciton interacts with the trap, and the availability of a channel or channels for dissipation of the trap-exciton energy difference in the form of phonons. In view of little or no information related to these details, the absolute magnitude of a is difficult to estimate.
Another important limit for energy migration is the one where the exciton-phonori scattering is sufficient to localize the ex~itation on a single molecule. In this case, all coherence is destroyed, and one expects that the exciton migration will be characterized by a random walk or hopping motion with the step length equal to the intermolecular -+ spacing (say a) and with the average time per step given by t = h/48, where B is the intermolecular interaction matrix element. This picture ~results in a· trapping rate constant (inverse of the average time to reach a trap) on the order of
which is independent of temperature.
In the intermediate regime where exciton-phonon scattering is of insufficient frequency to completely localize the excitation but does serve to diminish the coherence time of the exciton, the effect of this interaction must be'included in.an estimation of ki. For example, a simple model is to assume that the exciton migration can,be characterized by a random:..walk motion with a'step length equal to the average coherence ~ength, <R.>, whose·upper limit is determined by <V >and the coherence g time, l" : c (5) l" <V > = <.t> c g
-4-
With these assumptions, one obtains (6) 2 2
Alternatively, one can characterize V (k) and T by a time correlation g c function 10 .assuming an explicit Hamiltonian for scattering and arrive at time correlated values of K .
•
~
In either case the important point to note is that the meas.urement of the "trapping" or localization rate constants provides a method of determining whether or not coherence is an important consideration in energy transfer processes and to determine a semiquantitative value for the coherence length.
lnorder to determine this information, all the kinetic rate·con--stants for processes such as trapping, detrapping and decay (radiative or non-radiative) and their explicit dependence on the thermal energy distribution must be determined. Both crystals were then grown from the melt using Bridgman techniques. -8-Above -l5°K only exciton emission is observed. As the temperature is lowered, the intensity of this emission increases, and trap emission appears. At -9°K the spectrum consists. of emission due to the exciton, Trap IV and V. At 4.2°K Trap III is also seen in emission, and at 3°K
emission from all five traps is observed. At 2°K the most intense lines are those due to the two shallowest traps (I and II) and the exciton, the other trap emissions having become weaker. In all the above spectra, the characteristic vibronic progression v1as observed. The rate constant (Ko> for phonon-assisted detrapping can be described •'
III. RESULTS AND DISCUSSIONS
The resulting expression must be integrated over all phonon energies greater than or equal to E., the energy of the intermediate, and over ~ ·the values .of E. coincident with the exciton band to give the follmving Nt' the number of excitations in exciton and trap.levels: (10) N <t>
In writing these equations, the excited state concentration is taken to be sufficiently small that non-linear effects such as bi-excitonic 22 annihilation and effects such as "filling up" of the traps (i.e., the traps are alr(!ady filled so that the incoming exciton is not welcomed) can 
The solutions are given by (19) temperaturer<Jnr,e where the detrapping rate is sufficiently large that band-trap equilibrium is attained on a time scale ,.,hich is shorter than the period of the modulation, The effect of this band trap equilibrium must be explicitly considered. These conditions can result in the observation of trap ESR transitions in the exciton·spectrum even when the modulation period is shorter than the trap lifetime. 26 All that is necessary is that equilibrium be reached during the modulation period and that a significant fraction of the total population be involved.
As our measurements have shmm, trap-band communication may take place within the exciton lifetime at some temperatures' (see Figure 6 ).
lve should add that the above discussions represent only a concern since all that we know at this point (with certainty) is that there is Thus, the chain length is estimated to be 256,000 molecules. we observed emission from a trap with an approximate trap depth of 8 em which has not previously been observed: It seems possible that other similar departures from perfect lattice periodicity perturb the exciton density of states to an extent sufficient to ~ignificantly affect the exciton dynamics but do not manifest themselves in the emission spectrum.
Hawever, the concentration of disturbed molecules must be reiatively high to effectively shorten the coh~rence length to the extent observed.
He·nce, exciton-phonon coupling is expected to contribute significantly to the loss of coherence. 30
IV. SUMMARY AND CONCLUSIONS
We have utilized short light pulses from a tunable dye laser to study the nature of exciton-phonon·and exciton-trap interactions in molecular solids (1,2,4,5-'tetrachlorobenzene and 1,4-dibromonaphthalene)
at different temperatures •. The folimving conclusions can be drawn fronr these studies:
(1) The time-resolved phosphorescence response reflects the dynamics of exciton-trap equilibria.
(2) In TCB system where the triplet exciton is essentially one-dimensional and only one trap is interacting with the band, the dynamics can be (26 em-above exciton (o·, 0)).
X-Tra 21.-\ve should mention that other models have been put forth to solve the problem of Frenkel excitons on impure chains; Specifically, the impurity quenching p~rameters were added to the master cqu.:1tion of 22.
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the exciton density matrix to describe the different lim:its of migration. A. H. Zewail and c. B. Harris, Phys. Rev. B 11, 952 . (1975) .
30. It would be very interesting to measure the coherence length as a function of temperature. However, the large number of parameters involved makes the extraction of the temperature dependence from our data difficult. In fact, in the relatively low temperature limit we have assumed that Ke' K~ and K. are temperature independent. The validity of this assumption was cfiecked by the agreement between the experimental results and the model equations over the whole temperature range (see text). The curves correspond to diff,erent values of K., the trapping rate constant. 10,000
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